





























extensive   use   of   already   available   observations   and   satellite  measurements   are
required.   The   detailed   evaluation  must   therefore   include   not   only   the   standard
parameters  but  also  fluxes;   in  other  words,   it  will   involve  a  detailed  analysis  of
coupling mechanisms and forcing functions.
Generally   speaking,   models   for   the   Baltic   Sea   area   show   that   most   of   the
characteristics  of   the  Baltic  Sea   and   the  overlying  atmosphere   can  be  described
realistically   (e.g.   Schrum   and   Backhaus   1999,   Omstedt   and   Rutgersson   2000,
Gustafsson 2000a,b, Lehmann and Hinrichsen 2000b, Jacob 2001, Rummukainen et
al. 2001, Meier & Döscher 2002). However, the representation of physical exchange











behavior   of   different  models.  Uncoupled   versions   of   sophisticated  models   (e.g.
atmosphere only, sea ice­ocean only) often perform even better than in the coupled
mode.  This  is  a clear  indicator  of the important  role  of  fluxes.  In an atmosphere
model the ocean surface temperatures and the extent of sea­ice are prescribed; such a

























The diploma thesis  is  organised  as follows:  Section  2 includes  some information
about the characteristics of the Baltic Sea. Section 3 describes the Baltic Sea Ice­
Ocean Model (BSIOM) and gives the corresponding parameterisations of the fluxes.
Section   4   comprises   the   interactions   of   ocean   and   atmosphere,   and   section   5
describes   the   parameterisation   of   turbulent   processes.   Section   6   compares
meteorological   conditions,   radiation   fluxes   and   heat   fluxes   with   observations.














North  Sea   through   the  narrow and  shallow Danish  Straits,  with  an  extension  of 
1700 km in the north­south direction. The southern parts belong to Central Europe
and the northern area lies beyond the Arctic Circle. The Baltic Sea is a shallow water
basin   located  on  one   tectonic  plate,  with  only  a  mean  depth  of  50  meters.  The
greatest  depth  is  Landsort  Deep with  459 meters   located   in   the  western  Gotland
Basin.  
The Baltic Sea can be described as a large estuary with an upper layer of brackish









haline  stratification   is  determined  by   the  huge   fresh  water  contribution   from  the
rivers  and the net  effect  of precipitation  minus  evaporation.  The water  above the




will  affect the heat  budget  of the Baltic Sea. The thickness of the brackish water
mass   above   the   halocline   thus   influences   the   development   of   the   sea   surface






large  inter­annual  variations  in   the winter  weather.  The weather  is  predominately
affected   by   location,   intensity   and   flexion   of   the  westerly   drift.  Generally,   the
prevailing conditions are affected by local and regional large scale weather systems.






































Sweden)  meteorological   database   (Lars  Meuller,   pers.   comm.)  which   covers   the
whole Baltic drainage basin on a regular grid of 1 x 1° with a temporal increment of
3 hours. The database consists of synoptic measurements interpolated on the regular










where  Qnet  is  the  net heat  flux entering  the oceanic mixed layer,  H  and E  are the
sensible and latent heat fluxes, respectively, (1 ­ α )So(o) is the absorbed short­wave













H =  cρ pCHUz ((1 ­ A)(T ­ Ts) + A(T ­ Tice)), (3.3)
E = ρCEUz ((1 ­ A)Lz(q10m ­ qs) + ALzi(qai – qsi)), (3.4) 
where  cp  is the specific heat of air at constant pressure,  CH  stands for the Stanton
number, and T ­ Ts is the temperature difference between the atmosphere and the sea
surface;  E  represents   the   latent  heat   flux  between   the  atmosphere/ocean  and   the
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atmosphere/ice   (CE  is   the  Dalton  number),  q10m  ­   qs  is   the  difference   in   specific




(Rsw)   is  approximated  by   the  empirical  Zillman  equation  for  clear  skies   (Zillman
1972).   The   short­wave   radiation   flux   at   the   ocean  surface,   together   with   the
modification due to cloudy skies, is parameterised by:
(1 ­  )S(o) = (1 ­  )Rα α sw(1 – 0.75cl), (3.5)
where   is the  α albedo at the ocean/sea­ice/snow surface (0.03 for the open sea, 0.7
for frozen ice, 0.6 for melting ice, 0.87 for frozen snow and 0.77 for melting snow)








Additionally,   river   runoff   is   prescribed   from   a   monthly   mean   runoff   data   set
(Bergström &  Carlsson   1994).  Runoff   data   are   specified   for   42   separate   rivers
discharging  into  the Baltic  Sea and the Kattegat.  The prognostic  variables  of  the
coupled sea­ice­ocean model are sea­ice thickness and compactness, sea­ice drift, the
oceanic   baroclinic   current   field,   the   3­D   temperature,   salinity   and   oxygen
distributions, the 2­D surface elevation, and barotropic transport. These prognostic
variables were extracted from the model every 6 hours. The model was run for the
period   1979­2004   including   three   field   campaigns:   February   to   March   1998,
February 2001 and June 2001. Model data were extracted at three different positions





Atmosphere  and Ocean interact  with each other   through the  exchange of  energy,
momentum and  mass.  These  exchange  processes  determine   the  energy  and  mass
budgets of the ocean. Energy is transferred from the atmosphere to the ocean surface
mixed layer driving the circulation of the upper ocean and, in turn energy from the
ocean   is   fed   back   to   the   atmosphere   affecting   the   atmospheric   circulation,   the
























































includes  various   interactions  between mean and turbulent  kinetic  energy,   internal
wave energy and potential  energy.  Little   is  known about  how external  energy  is
transformed in the Baltic Sea (Axell 2001). 
There is evidence that the interaction of the atmosphere and ocean includes large
scale circulation of atmosphere and ocean,  as  well  as smaller scales,  mixed layer
development   and  wave   generation.  Thus,  modeling   of   these   interactions   always
includes surface fluxes, which are difficult to measure directly on small and large





The  atmospheric  boundary   layer   is   the   lowest   part   of   the   atmosphere,  which  is
directly influenced by the surface of the earth and responds to surface forcings with a




turbulent  convection  and mixing in   the  boundary  layer,  whereas  cooling  at  night
leads   to   stabilise   the   atmospheric   boundary   layer.   The   second   process   is   the







and   rolls   in   the   atmosphere,   fronts   or   upper   ocean   eddies,   contribute   to   the
discontinuity and the variability of the exchange processes at the surface. Variation










amounts  of  heat  from short­wave solar  radiation with relatively  little   temperature




















The  ocean  surface   is  a  material   interface   that   is  a  barrier   for  exchange  of  heat,
moisture, momentum and trace constituents. Atmosphere and ocean are in turbulent
motion,  but  near  the interface turbulence is suppressed and transport  is  generally


















that   of   air,  meaning   that   a   lot   of   heat   can   be   absorbed   into  water  with   little
temperature   change.   Thus   the   diurnal   cycle   of   radiation   is   almost   completely
balanced by a corresponding diurnal variation of energy transport  into the sea. In
addition, the nearly constant  sea surface temperature with time results in a nearly






wave fluxes at  the surface. Changes in cloud properties  affect  the surface energy





In   the   climate   system,   sea   ice   is   an   important   component   and  highly   sensitive
indicator of climate variability and change (Vihma 2005). A sea ice cover is seldom
uniform, it consists of ice floes of varying thickness, leads and polynyas. The surface
conditions  are  affected  by   interacting  dynamical  and  thermodynamical  processes.
The surface may change rapidly due to ice dynamics, like advection and deformation
or slower changes, such as thermodynamics (ice formation, growth and melt) and
precipitation.  To understand   the   reflection,  absorption  and   transmission  of   short­




properties  (Figure   4).  Absorption   and   scattering   are   a   combination   of   radiation
























forms  and   remains  along   the  coast,  where   it   is   attatched   to   the   shore  or   to   the



















& Hakala 1992, Omstedt 2001). Further,  areas of extremely deformated  sea ice  of











The   structure,   properties,   thermodynamics   and   dynamics   of   sea   ice   are   closely






ice and the bulk of  the atmosphere (Vihma 2005).  During  cold air  outbreaks   the
atmospheric   boundary   layer   is   strongly   affected   by   heat   fluxes   from   leads 
(Vihma & Bümmer, 2002). During such  fracture or passage­ways through  sea ice,
the  upwind snow/ice  surface   is   typically  close   to  a   thermal  equilibrium with   the
atmospheric boundary layer. If the thermal equilibrium broken down, for example















advection   (T  >   0°C)   and  melting   conditions,   there   are   no   heat   flux   differences
between   ice  and  water,  because  both  surfaces  have  about   the   same   temperature.
During cold­air advection (T < 0°C), the spatial variability of the heat fluxes is large,
because ice and water have different surface temperatures, heat fluxes are different
over   ice  and  water   and   the  difference   increases  with  decreasing  air   temperature
(Brümmer et al. 2002).  
Another important fact is the surface roughness of sea ice. It is determined by its



















the  effects  on   the  upper  ocean and surface  albedo.  Further,   the  understanding  of
energy utilization within the ice­ocean system is important and will discussed next.
4.3.3. Ice­ocean interaction
The freezing  temperature of  seawater  depends  on salinity.  The growth of  sea ice

































sensible  and   latent  heat  between   the  atmosphere  and   the  ocean  surface  are  very
difficult to obtain. Parameterisations can used instead to estimate fluxes from more
readily  available data. Surface­layer scaling parameters for wind,  temperature and
humidity   are   most   easily   measured   in   the   atmospheric   surface   layer,   whose



















According   to   the  Monin­Obukhov  constant   flux   layer,   the  dimensionless  profile
gradients for velocity, temperature and water vapour in the surface boundary layer
can be written as follows:
















temperature   replaces   the   'normally'   temperature   flux.   The   mean   gradients   are
universal functions of the stability parameter z/L and may be expressed as:
(kz/u*) (∂〈U〉/∂z) = φm(z/L) (5.8)















variables,   like wind,  humidity,  air  and water  temperatures.  The integration  of the























Ψm, Ψt, Ψ     : integrated universal functions 
For air­sea  interaction parameterisations  by bulk  formulas,   the local  aerodynamic
roughness lengths  (z0,  zT)  or the local  bulk transfer  coefficients  (CD,  CH)  must  be
known. The bulk calculation leads to an iterative solution, except in a rough first­
order estimation  not taking the stability  explicitly  into account.  Additionally,  it  is
usually assumed by theoretical arguments, that the bulk coefficient CH = CE. In other
words the roughness for heat follows close to that of moisture. However, for most of































limitations   in  water   depth   (Rutgersson   et   al.   2001).  Most   of   the   studies   show
relatively small variations with wind speed, but a slight effect of high winds cannot
be ruled out (DeCosmo et al. 1996, Makin 1998). Further, for low winds, smooth
surface   effects   and   gustiness   also   appear   to   increase   the   transfer   coefficients
(Beljaars   1994).   In   some   studies   (Large   &   Pond   1982,   Smith   1988,   1989, 
Rutgersson   et   al.   2001)   the   validity   of   the   transfer   coefficients  were   tested   on
different   ways.   Rutgersson   et   al.   found   that   the   neutral   stanton   number   is, 
CHN ­unstab = (1.0  0.3) x 10­3 for the unstable and CHN ­stab = (0.77  0.5) x 10­3 in stable
stratification, which is close to that found by Large and Pond (1982). As a mean for
all   data,   they   found     CHN    =   (1.0    0.3)   x   10­3  and   for   the   Dalton  Number 




found the following mean values (  standard deviations), CDN   = (1.9   0.8) x 10­3,
CHN   = (0.9  0.3) x 10­3 and CEN = (1.0  0.2) x 10­3. These studies and values show



















eight   experiments   were   performed   with   the   overall   objective   of   collecting   a
comprehensive   data   set   suitable   for   validating   the   BALTIMOS   coupled  model
system (BALTic Sea Integrated MOdel System, Brümmer et al. 2003) for the Baltic
Sea   region.   BALTIMOS   was   developed   within   the   framework   of
BALTEX/DEKLIM  (German  Climate  Research  Programme  2001­06)   by   linking




























The 1997­98 sea­ice season was generally  normal,  except  in  the northern Bay of
Bothnia  and the eastern  Gulf  of  Finland,  where  ice  began to  form about  a  week







the   Gulf   of   Finland   and   the   Gulf   of   Riga   the   ice   extent   was   somewhat
underestimated. 
6.1.1. Evolution of meteorological quantities 
During   BASIS   1998,   meteorological   conditions   in   the   experimental   area   were
characterized by a rapid sequence of  high  and low pressure systems and passing
atmospheric   fronts.  Figure   8  shows   the   time   series   of   the   basic  meteorological
quantities pressure p, temperature T, water vapour mixing ratio m, wind speed U and
wind direction  Wind Dir  at  Kokkola  and  RV Aranda.  Steady  weather  conditions
lasted no longer than one day.




In   the   rear  of   lows,  passing  close   to  or  directly  over   the  experimental   area,  air
temperatures decreased rapidly to below 0°C (17, 19, 24 February), as well as water
vapour mixing ratio drops under 1 g/kg. These three cold episodes lasted only one or























25   February)  Lw(o)  exhibits   extreme   values.   Calculated   (BSIOM)   long­wave
radiation   fluxes   agree   well   with   local   observations.   Compared   to  Lw(o),   the
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variability  of   the  upwelling   long­wave   radiation   flux  Lw(u)  is   smaller,   although






values   were   predominately   negative   (e.g.,   25,   27   February   at   Kokkola).   The
comparison  of   net   radiation   fluxes   reveals   the   largest   deviations,   because   small














heat   fluxes   varied  mostly   between   ­80  Wm­2  and   130  Wm­2.   Negative   values
occurred   when   the   air   temperatures   were   above   freezing   (e.g.   19,   21   and   26
February), causing snow to melt and eventually melting ponds on the sea­ice leaving
patches of melt water on the sea­ice. 







flux.  Although the overall  structure of  measured  and calculated  differences  agree
quite well, there are larger differences up to 10°C. These differences are mainly due
to deviations of calculated sea ice surface temperatures from the observations. 
















Hamn  on  30­40   cm   thick   land­fast   ice   at   a   distance   of   about   100  m   from   the
shoreline.  The Finnish RV Aranda was placed in the ice­covered Bay of Bothnia


















Radiation   fluxes   measured   at   Marjaniemi   and   RV   Aranda   are   compared   with
calculated fluxes in Figure 13. 
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short­wave radiation,  possibly  because of reflection  from clouds  or snow over or
inside the measurement instrument itself. Rapid changes in the incoming long­wave
radiation  Lw(o)  indicate  cloudiness.  Extreme  Lw(o)  values  were measured  during
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warm   air   periods  with   low­level   clouds   (e.g.   about   300  Wm­2  on   14,   15   and 
20   February)   and   during   cold   air   periods  with   clear   skies   (e.g.   150  Wm­2  on 
22 February).  The measured  upwelling  long­wave radiation  flux  Lw(u)  has  many
missing   data,   but   calculated   values   (BSIOM)   show   nearly   the   same   as   the
observations. The albedo of the land­fast ice at Marjaniemi varied depending on the
weather conditions. Low values at the end of the melting periods (e.g., 15 February)










only measured at RV Aranda.  During the whole campaign,  H  was predominantly
positive. That is a result of high wind speed and temperatures near melting point.
The sensible and latent heat flux at Marjaniemi were calculated by bulk formulas
according   to  equations  3.2   ­  3.4.  Especially   for  calculation  E  at  RV Aranda   the
calculated   surface   temperature   were   used.   The   larger   discrepancies   between
modelled heat fluxes and the measurements are due primarily to differences in SST
and wind velocity.
The momentum flux  shows  three  high  periods  (14,  17,  18 and 21,  22  February)
which correlate well with periods of high wind speeds  (Figure 12). The measured
values are much higher than calculated data. The air­surface temperature difference
T­Ts  shows nearly the same structure as the sensible  heat flux, but  the agreement
















The   hydrographic   survey   lasted   from   12   to   20   June.   Standard   meteorological
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quantities,   turbulent  heat,   radiation  and  momentum fluxes  were  measured  at   the
destination point in the central Baltic Sea from 13 to 19 June 2001. Turbulent heat




















The radiation fluxes  S(o),  Lw(o),  Lw(u)  as well as sea surface temperatures  Ts  are
presented in Figure 16. 






The short­wave radiation  S(o)  shows often cloudfree conditions  (14/15,  17 June),
only   on   16   and   18   June   longer   periods  with   cloud   cover  were   observed.   The






















In   this   section   for   the   eight   field   experiments,   a   quantitative   assessment   of   the
quality   of   the   atmospheric   forcing   and   corresponding   fluxes  used   in  BSIOM  is
presented.  For   the  statistical  comparison  of  measurements  with  model  estimates,




find  systematical  errors.  Also  here,  monthly  mean  values  and  standard  deviation









































Thermometer   in   34m  height   above
sea level 
relative Humidity [%] 
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Water temperature [° C]
Water   thermometer   in   0.2m   water
depth (Institute­Pier)
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Generally,   the   comparison   of  measurements   with   extracted   atmospheric   (SMHI
forcing)   data   at   all   positions   shows  good   agreement.   In   particular,   different   air
pressure estimates show the highest agreement for all experiments. Air temperatures
and  mixing   ratios   during  winter   experiments   agree  within   less   than   0.1°C  and 
0.05 gkg­1, but over open water, the respective differences in temperature are about





2001 at  station  Kiel   lighthouse  larger  differences  with  more than 1°C are found.








insulation  caused  by  greater  cloud  coverage.  For   the  winter  experiments   surface
temperatures agree within 1°C with a correlation coefficient  of 0.9 and for Alkor




Long­wave   radiation   fluxes   correspond   within   a   few   Wm­2  for   the   winter
experiments,   but   for  Alkor   experiments   and  Kiel   stations   deviations   are   higher
because of the differences in air and water temperatures.
For the comparison of turbulent fluxes, independent measurements exist for H and 
in  BASIS 1998 and for  H  in  BASIS 2001.  Thus,  any discrepancies  between   the
remaining   'measured'   and   calculated   fluxes   depend   on   differences   in   the   basic
quantities; this has already been discussed. Sensible heat fluxes are well correlated
with each other, but the differences between measured and calculated heat fluxes are
about  4 and 1 Wm­2  for 1998, and 10 and 12 Wm­2  for February 2001  (Table III).
Measured and calculated momentum fluxes display only small deviations and are






mean Diffe rence standard deviation corr.-coeff.
RV Aranda Kokkola SMHI Kokkola-SMHI Aranda-SMHI RV Aranda Kokkola SMHI Kokk.-SMHI Kokk.-Aranda Aranda-SMHI
p [hPa] 995.12 994.27 995.21 -0.94 -0.09 14.8 14.65 14.56 1 0.99 1
T [°C] -4.35 -5.31 -5.32 0.01 0.97 5.96 6.48 6.56 0.98 0.93 0.98
2.59 2.41 2.37 0.04 0.22 1.15 1.03 1.12 0.98 0.95 0.99
7.71 4.46 8.75 -4.29 -1.04 3.54 2.67 4.14 0.7 0.55 0.78
Wind Dir. [°] 198.11 196.05 210.1 -14.05 -11.99 94.12 84.75 96.53 0.77 0.64 0.68
RV Aranda Kokkola BSIOM Kokkola-BSIOMAranda-BSIOM RV Aranda Kokkola BSIOM Kokk.-BSIOM Kokk.-Aranda Aranda-BSIOM
49.82 30.14 26.63 3.51 23.19 94.65 58.11 46.26 0.78 0.68 0.71
260.34 253.13 257.66 -4.53 2.68 48.55 42.18 39.66 0.86 0.65 0.79
279.62 278.05 279.49 -1.44 0.13 24.01 24.44 23.43 0.95 0.9 0.92
Ts [°C] -8.35 -7.36 -6.35 -1.01 -2 5.78 5.93 5.71 0.91 0.91 0.92
10.07 6.96 11.08 -4.12 -1.01 19.8 23.51 24.48 0.92 0.6 0.69
-13.86 1.09 -9.23 10.32 -4.63 16.36 15.87 22.37 0.65 0.26 0.52
0.11 0.1 0.14 -0.04 -0.03 0.12 0.12 0.13 0.5 0.63 0.84
BASIS 2001
mean Diffe rence standard deviation corr.-coeff.
RV Aranda Marjaniemi SMHI Marj.-SMHI Aranda-SMHI RV Aranda Marjaniemi SMHI Marj.-SMHI Marj.-Aranda Aranda-SMHI
p [hPa] 1003.9 1003.8 1005.8 -2 -1.9 8.77 8.97 8.77 1 1 1
T [°C] -6.31 -5.32 -5.39 0.07 -0.92 7.99 7.1 7.09 0.99 0.99 0.99
2.18 2.41 2.39 0.02 -0.21 0.98 0.99 0.99 0.99 0.98 0.98
5.92 5.33 6.5 -1.17 -0.58 3.02 2.75 3.16 0.75 0.83 0.81
Wind Dir. [°] 213.31 189.83 192.96 -3.13 20.35 105.87 107.15 105.95 0.94 0.92 0.82
RV Aranda Marjaniemi BSIOM Marj.-BSIOM Aranda-BSIOM RV Aranda Marjaniemi BSIOM Marj.-BSIOM Marj.-Aranda Aranda-BSIOM
39.27 34.29 19.32 14.97 19.95 65.26 61.87 39.49 0.71 0.97 0.79
230.35 252.05 246.1 5.95 -15.75 47.74 46.75 34.59 0.91 0.86 0.86
275.56 278.92 279.35 -0.43 -3.79 36.78 27.38 23.65 0.9 0.92 0.91
Ts [°C] -9.61 -6.87 -6.39 -0.48 -3.22 9.32 6.64 5.95 0.89 0.92 0.92
12.61 10.4 0.91 9.49 11.7 14.95 16.64 36.82 0.61 0.96 0.63
16.42 11.44 -6.23 17.67 22.65 37.79 18.19 23.11 0.58 0.52 0.21




















mean difference standard deviation corr.-coeff.
RV Alkor SMHI Alkor-SMHI RV Alkor SMHI Alkor-SMHI
p [hPa] 1018.5 1021.1 -2.6 2.39 2.53 1
T [°C] 2.74 2.7 0.04 0.6 1.16 0.4
3.7 3.52 0.18 0.31 0.35 0.6
7.36 4.73 2.63 3.17 1.67 0.84
Wind Dir. [°] 133.06 319.59 -186.53 348.93 68.17 -0.11
RV Alkor BSIOM Alkor-BSIOM RV Alkor BSIOM Alkor-BSIOM
145.58 116.81 28.77 295.29 178.4 0.97
268.84 281.38 -12.54 36.27 13.02 0.78
328.53 327.31 1.22 2.84 0.33 -0.33
Ts [°C] 3.18 4.59 -1.41 0.58 0.07 -0.24
-5.54 -17.52 11.98 12.71 13.17 0.18
-4.58 -40.51 35.93 10.43 17.79 0.3
0.09 0.04 0.05 0.06 0.02 0.79
Alkor 6/2000
mean difference standard deviation corr.-coeff.
RV Alkor SMHI Alkor-SMHI RV Alkor SMHI Alkor-SMHI
p [hPa] 1017.4 1019.6 -2.2 6.66 6.64 1
T [°C] 11.95 11.75 0.2 0.74 2.8 0.14
6.33 5.99 0.34 0.4 0.9 0.56
6.82 5.34 1.48 3.07 2.27 0.76
Wind Dir. [°] 267.52 270.11 -2.59 62.15 46.48 0.5
RV Alkor BSIOM Alkor-BSIOM RV Alkor BSIOM Alkor-BSIOM
307.77 217.12 90.65 327.11 230.19 0.97
287.88 327.12 -39.24 23.5 20.01 0.42
374.67 352.05 22.62 3.94 1.59 0.4
Ts [°C] 12.6 9.69 2.91 0.56 0.32 0.69
-8.37 14.16 -22.53 10.76 15.61 -0.48
-11.85 -28.38 16.53 15.34 20.77 0.46
0.08 0.05 0.03 0.06 0.03 0.75
Alkor 10/2000
mean difference standard deviation corr.-coeff.
RV Alkor SMHI Alkor-SMHI RV Alkor SMHI Alkor-SMHI
p [hPa] 1007.9 1008.1 -0.2 4.96 5.3 0.9
T [°C] 10.44 7.79 2.65 1.14 2.01 0.27
6.48 5.9 0.58 1.05 0.86 0.03
8.31 7.92 0.39 3.02 3.65 0.82
Wind Dir. [°] 241.51 239.77 1.74 63.8 46.56 0.02
RV Alkor BSIOM Alkor-BSIOM RV Alkor BSIOM Alkor-BSIOM
31.75 26.54 5.21 64.76 46.18 0.69
327.93 323.38 4.55 19.62 5.85 -0.12
366.83 352.44 14.39 5.85 1.17 0.27
Ts [°C] 12.01 9.77 2.24 0.45 0.24 0.12
-25.52 -28.71 3.19 12.36 53.6 0.18
-34.87 -74.8 39.93 16.47 62.77 0.3




























mean difference standard deviation corr.-coeff.
RV Alkor SMHI Alkor-SMHI RV Alkor SMHI Alkor-SMHI
p [hPa] 1006.6 1009.1 -2.5 4.37 4.46 1
T [°C] 4.71 6.17 -1.46 0.97 1.71 0.43
4.79 4.95 -0.16 0.3 0.48 0.85
7.45 7.1 0.35 2.49 2.96 0.78
Wind Dir. [°] 200.33 204.7 -4.37 49.02 43.64 0.92
RV Alkor BSIOM Alkor-BSIOM RV Alkor BSIOM Alkor-BSIOM
165.24 94.9 70.34 225.68 135.92 0.94
282.39 304.83 -22.44 35.34 16.65 0.66
335.63 327.11 8.52 1.67 0.57 0.35
Ts [°C] 4.22 4.54 -0.32 0.35 0.12 0.35
10.83 13.81 -2.98 16.32 17.36 0.49
10.31 -10.41 20.72 15.5 15.91 0.07
0.09 0.08 0.01 0.06 0.08 0.79
Alkor 6/2001
mean difference standard deviation corr.-coeff.
RV Alkor SMHI Alkor-SMHI RV Alkor SMHI Alkor-SMHI
p [hPa] 1008.3 1010.9 -2.6 2.35 2.39 0.97
T [°C] 12.29 13.05 -0.76 0.54 1.38 0.6
7.65 7.77 -0.12 0.62 0.9 0.8
6.47 6.1 0.37 2.95 3.19 0.9
Wind Dir. [°] 233.15 225.09 8.06 75.25 83.16 0.8
RV Alkor BSIOM Alkor-BSIOM RV Alkor BSIOM Alkor-BSIOM
232.18 193.26 38.92 274.07 211.47 0.59
309.34 347.57 -38.23 35.68 22.16 0.69
379.9 356.32 23.58 3.33 1.95 0.76
Ts [°C] 12.94 10.55 2.39 0.63 0.39 0.76
-8.19 16.74 -24.93 6.54 13.22 0.32
-12.17 -2.24 -9.93 9.83 24.72 0.07
0.07 0.07 0 0.06 0.07 0.89
Alkor 10/2001
mean difference standard deviation corr.-coeff.
RV Alkor SMHI Alkor-SMHI RV Alkor SMHI Alkor-SMHI
p [hPa] 1005.9 1010.8 -4.9 10.74 11.58 0.98
T [°C] 9.1 8.86 0.24 1.85 2.34 0.86
6.11 5.46 0.65 1.14 1.6 0.8
15.1 15.22 -0.12 3.88 3.99 0.68
Wind Dir. [°] 274.45 270.35 4.1 34.98 27.44 0.92
RV Alkor BSIOM Alkor-BSIOM RV Alkor BSIOM Alkor-BSIOM
57.13 37.31 19.82 96.33 59.22 0.91
308.76 316.44 -7.68 34.16 21.4 0.6
362.05 344.51 17.54 3.71 0.86 0.78
Ts [°C] 9.52 8.17 1.35 0.72 0.18 0.78
-12.92 10.65 -23.57 43.04 49.6 0.74
-8.31 -79.57 71.26 47.25 99.87 0.03




































level.  The   differences   in   spite   of   the   distance   between  measurement   stations   is
especially evident in BASIS 1998 for the stations Kokkola and RV Aranda, which
lay some 80 km apart (Figure 7). Moreover, the measurements at Kiel lighthouse are









In   spite  of   the  generally  good  agreement  of   the  basic  meteorological  quantities,
larger differences appear in radiation fluxes. The calculated S(o) is always less than
the measurements, but between the stations Kokkola and RV Aranda (1998) larger
differences  also  occur,  which  are  due  to   regional  distinctions,  and differences   in
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cloud cover. The largest differences in S(o) are shown in spring and summer at Kiel





data   taken   from   weekly   SST   maps   provided   by   the   BSH   (Bundesamt   für
















temperature   react  very   slowly  and  delayed.  Also  during   light  wind  conditions  a




The   accuracy   of   the   calculated   surface   fluxes   depends   on   the   quality   of   the
observations and on bulk aerodynamic formulas used to calculate them. The bulk
method is a practicable way to estimate surface fluxes, but the determination of the
corresponding   drag   and   transfer   coefficients   introduces   an   uncertainty   to   this









main  uncertainty  arises   from measurement  errors  or   inaccurate  measurements.   In
particular, the determination of the stanton number CH is highly sensitive to surface
temperature measurement  errors  (e.g.  Calanca  2001,  Schröder  et  al.  2003).  Thus,
calculated  heat   fluxes  are  always  encumbered  with  systematic  errors,   and   larger
discrepancies in  measured and calculated data result  not  only from differences in
meteorological  quantities,  but  also from uncertainties  in  transfer  coefficients;  e.g.
Rutgersson  et  al.   (2001),   for  example,   found   that  a  10% uncertainty   in   the  heat
transfer   coefficient   results   in   10  Wm­2  uncertainty   in   heat   fluxes.   Furthermore,











to 50 Wm­2  for latent  heat  fluxes,  which are close to differences obtained in this
study.
Table XII. Comparison of measured and calculated sensible heat fluxes.
mean mean Difference standard deviation corr.-coeff. corr.-coeff.
1998 Kokkola Kokkola Kokkola (m)-Kokkola (c) Kokkola Kokkola Kokk. (m)-Kokkola (c) BSIOM-Kokkola (c)
(measured) (calculated) (measured) (calculated)
6.96 24.2 -17.24 23.51 32.59 0.79 0.65
2001 Marjaniemi Marjaniemi Marj. (m)-Marj. (c) Marjaniemi Marjaniemi Marj. (m)-Marj. (m) BSIOM-Marjaniemi (c)
(measured) (calculated) (measured) (calculated)






Observed   basic  meteorological   quantities,   heat   and   radiation   fluxes   from   three
different measurement stations in the Baltic Sea are compared with model data of the
coupled sea­ice­ocean model BSIOM in order to evaluate the atmospheric forcing,
corresponding   surface   fluxes   and   the   sea   surface   response.   Further,   a   statistical








and   model   data   are   in   good   agreement.   However,   measurements   over   sea­ice
correspond   better  with   the  model   than  measurements   over   open  water,  mainly
because  of   a   spurious  daily  cycle   in   the  air   temperature  of   the  SMHI  database.













bulk   method   using   observed   basic   meteorological   quantities   displays   a   high








It   has   been   demonstrated   that   measurements   such   as   the   BALTIMOS   field
campaigns are extremely useful for validation of coupled model systems. The time
series are relatively short, however; that is to say, the statistical analysis of surface
fluxes   has   a   somewhat   low   significance.  Additionally,   the   representativeness   of
measurements for a larger area needs to assessed.  Döscher et al. (2002)  compared
heat   flux  observations  averaged  over   the  area of   the  Baltic  Sea with  heat  fluxes





detailed   evaluation   of   sophisticated  models  must   include   not   only   the   standard
parameters  but  also   the fluxes;   this  must   therefore  involve  a detailed  analysis  of
coupling mechanisms and forcing functions. Hence, longer flux measurements at the
air­sea­ice interface and air­sea interface are needed to improve the understanding of










Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
p [hPa] 1013.3 1018.8 1017.9 1004.5 1015.9 1013.3 1009.3 1014.4 1010.8 1007.3 1016.9 1015.9
standard deviation
14.76 9 12.12 7.79 8.57 5 5.33 6.69 13.2 10.97 12.39 11.04
mean
T [°C] 3.55 5.3 4.96 7.51 12.43 15.21 15.37 15.89 13.97 9.26 2.65 1.69
standard deviation
3.11 3.52 3.3 2.72 3.18 2.79 2.65 2.7 2.31 2.27 3.18 3.92
mean
4.41 5 4.42 5.73 7.13 8.73 8.91 8.95 8.63 6.2 4.17 3.99
standard deviation
1.08 1.19 1.32 1.07 1.31 1.61 1.25 1.19 1.27 1.26 1.05 1.18
mean
7.37 10 7.38 5.37 5.85 5.12 6.44 6.15 5.21 10.48 5.54 8.23
standard deviation
3.95 3.32 3.52 2.42 2.4 3.15 3.61 2.77 3.03 3.99 2.75 3.96
mean
Wind Dir. [°] 196.96 247.02 226.78 150.01 170.54 204.41 227.33 241.32 147.07 195.83 191.85 218.46
standard deviation
87.79 30.65 74.23 76.91 105.56 75.66 60.51 75.8 72.66 74.38 93.92 64.14
mean
Ts[°C] 4.59 4.36 5.83 8.17 13.83 16.48 16.79 16.99 15.91 12.26 7.55 3.62
standard deviation
0.46 1.03 0.37 0.98 1.65 0.59 0.4 0.54 0.35 1.49 1.41 0.68
mean
Sw [W/m²] 18.34 27.25 74.26 88.12 190.04 167.3 156.02 137.72 74.28 46.7 22.85 13.69
standard deviation
38.02 43.2 113.27 113.82 217.16 176.82 164.84 157.67 101.48 72.31 41.16 31.52
mean
Lw [W/m²] 295.16 312.16 299.37 322.85 336.64 365.49 365.91 365.38 363.16 328.03 291.5 285.55
standard deviation
24.22 27.15 27.74 20.38 22.61 23.12 19.57 23.64 20.52 24.56 23.34 28.99
Kiel-Leuchtturm (SMHI) 2000
mean
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
p [hPa] 1017.9 1013.3 1014.7 1008.7 1015.7 1017.1 1009.8 1016.8 1014.6 1011.2 1003.3 1008.3
standard deviation
10.25 9.88 9.39 10.04 7.44 4.76 6.67 3.54 7.27 10.7 7.34 10.96
mean
T [°C] 3.3 4.37 4.76 8.5 13.2 14.71 15.11 16.35 13.9 11.5 7.27 4.7
standard deviation
2.79 2.3 1.98 4.17 3.47 4.37 2.47 2.61 2.3 2.26 1.74 4.32
mean
4.35 4.67 4.74 5.89 7.1 8.19 8.87 9.31 8.44 7.55 5.73 5.03
standard deviation
1 0.74 0.85 1.62 1.01 1.89 1.27 1.41 1.43 1.03 0.62 1.51
mean
9.92 9.3 8.46 4.65 5.13 6.01 5.62 4.29 5.62 6.8 7.53 7.01
standard deviation
4.66 4.09 4.73 2.43 3.35 3.2 2.64 2.04 2.83 4 2.72 3.83
mean
Wind Dir. [°] 246.71 237.05 222.86 182.26 166.92 230.03 242.74 231.88 173.19 178.67 177.98 178.74
standard deviation
59.18 54.96 97.66 91.6 95.03 75.72 92.23 67.9 79.19 43.58 27.64 70.83
mean
Ts[°C] 3.57 4.08 4.65 6.78 13.35 15.43 16.14 18.14 16.7 13.84 9.38 7.19
standard deviation
0.36 0.22 0.41 1.43 1.44 0.88 0.58 0.4 0.96 1.09 1 1.04
mean
Sw [W/m²] 17.4 34.07 58.52 116.09 210.95 190.26 155.83 148.09 89.13 54.98 22.98 11.92
standard deviation
36.35 56.95 88.01 153.8 240.98 210.6 170.64 171.47 126.5 91.54 40.51 25.38
mean
Lw [W/m²] 295.28 300.32 304.77 319.91 337.46 356.74 365.14 366.68 357.09 339.02 316.63 303.37
standard deviation
22.39 21.05 20.27 27.63 23 25.61 17.22 23.46 24.12 20.8 17.09 28.93
Kiel-Leuchtturm (SMHI) 2001
mean
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
p [hPa] 1013.4 1015.6 1007.2 1010.4 1017.2 1014.2 1014.5 1016.8 1008.5 1014.1 1017 1019.3
standard deviation
14.28 13.78 8.13 7.2 7.63 5.76 6.68 5.62 6.49 7.12 11.12 18.98
mean
T [°C] 2.01 1.84 2.31 6.39 12.19 13.52 17.99 17.88 13.11 12.98 6.08 1.42
standard deviation
2.68 3.76 3.58 3 3.3 3.22 3.12 3.15 1.75 2.28 2.91 2.78
mean
4.13 3.97 3.95 5.07 6.82 7.84 10.31 10.37 8.3 8.25 5.11 3.84
standard deviation
0.85 1.18 1.22 1.14 1.19 1.58 1.58 1.89 0.78 1.19 1.18 0.89
mean
5.77 7.08 6.63 5.77 5.07 5.2 4.42 5.27 5.91 7.49 8.16 6.95
standard deviation
3.12 3.65 3.49 2.63 2.81 2.88 2.41 3.06 3.68 3.6 3.74 4.35
mean
Wind Dir. [°] 184.79 213.84 152.42 198.89 198.94 235.75 195.91 194.3 199.2 187.52 251.05 222.34
standard deviation
82.62 99.71 87.45 90.34 122 89.23 100.12 75.5 92.56 54.84 68.47 104.27
mean
Ts[°C] 4.08 2.82 2.57 4.43 10 14 18.28 18.6 16.19 14.08 9.17 5.01
standard deviation
0.79 0.28 0.33 0.79 2.08 0.9 0.93 0.72 1.16 0.67 1.67 1.41
mean
Sw [W/m²] 14.93 35.71 69.3 109.57 203.23 173.29 199.59 152.55 79.13 50.42 26.49 12.32
standard deviation
29.48 57.35 108.67 139.82 227.37 180.57 218.75 175.99 110.3 78.46 47.38 26.38
mean
Lw [W/m²] 290.38 286.78 287.95 308.16 332.19 351.95 375.94 377.25 355.7 349.96 306.62 283.45
standard deviation















T [°C] 3.81 5.17 4.83 7.82 13.22 15.94 16.13 16.25 14.03 9.56 3.2 1.99
standard




8.29 10.15 8.18 7.01 6.57 5 7.7 7.81 5.99 11.14 6.95 8.43
standard deviation
4.09 2.97 3.41 3.45 3.36 3.5 3.46 2.85 4.38 3.56 2.92 4.23
mean
Wind Dir. [°] 177.46 241.65 219.55 151.88 172.56 203.28 227.39 235.49 150.36 199.24 179.99 221.88
standard deviation
86.33 35.73 84.66 83.54 108.3 80.33 66.28 80.64 74.99 67.88 89.73 61.61
mean
Ts[°C] 3.3 3.51 4.59 6.22 11.75 15.14 16.08 16.86 14.93 11.3 6.8 2.87
standard deviation
0.9 0.91 0.33 1.2 1.45 0.89 0.55 0.65 0.47 1.06 1.66 0.64
mean
Sw [W/m²] 24.74 37.55 108.64 108.96 220.92 200.71 187.31 179.1 87.49 52.38 26.05 16.58
standard deviation










T [°C] 3.94 4.97 5.17 8.94 12.7 14.56 14.82 16.54 14.02 11.7 7.63 4.99
standard deviation




9.93 9.62 8.49 5.44 6.43 7.12 6.47 6.01 7.68 8.19 8.68 8.29
standard deviation
3.83 3.6 4.25 3.31 3.68 3.48 2.5 2.41 3.1 3.74 2.37 3.31
mean
Wind Dir. [°] 234.36 228.55 212.76 173.17 169.36 224.43 229.07 220.3 170.29 186.44 186.31 193.04
standard deviation
65.4 60.48 100.72 88.94 90.82 76.55 90 77.31 77.09 42.48 30.26 66.04
mean
Ts[°C] 3.43 3.29 3.95 6.32 12.13 14.59 15.5 17.26 14.97 12.54 9.17 6.99
standard deviation
0.44 0.18 0.51 1.44 1.51 1.39 0.85 0.38 1.27 0.6 0.87 1.2
mean
Sw [W/m²] 22.53 44.74 83.55 150.5 239.21 217.91 183.17 176.36 103.1 57.65 27.74 16.1
standard deviation










T [°C] 2.34 1.99 1.73 6.08 11.71 13.03 16.83 16.23 12.17 12.52 5.64 0.72
standard deviation




6.83 8.14 8.16 7.13 6.01 6.4 6.13 6.95 7.14 8.28 8.78 7.96
standard deviation
2.87 3.33 3.68 2.83 3.28 2.67 2.88 3.03 3.31 3.19 3.15 3.31
mean
Wind Dir. [°] 180.6 199.83 144.35 195.67 187.57 226.2 192.16 193.76 204.4 188.51 235.43 200.03
standard deviation
71.48 98.36 84.84 89.34 113.19 91.65 93.56 80.63 83.92 52.76 80.99 104.81
mean
Ts[°C] 3.92 2.42 2.48 4.54 10.7 13.94 18.37 18.34 15.46 13.39 9.02 5.13
standard deviation
0.58 0.26 0.55 0.87 2.35 1.45 1.46 0.85 1.28 0.6 1.6 3
mean
Sw [W/m²] 19.6 52.19 113.46 137.42 250.61 224.13 222.44 175.82 96.37 60.32 31.52 14.6
standard deviation














Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
p [hPa] 1013.4 1018.9 1017.9 1004.4 1015.9 1013.3 1009.3 1014.4 1010.8 1007.4 1016.9 1016
standard deviation
14.74 8.99 12.09 7.78 8.54 5 5.31 6.68 13.18 10.91 12.39 11.01
mean
T [°C] 3.57 5.31 4.99 7.56 12.47 15.24 15.39 15.91 13.94 9.25 2.64 1.69
standard deviation
3.12 3.56 3.33 2.73 3.22 2.81 2.67 2.74 2.33 2.3 3.21 3.96
mean
RH [%] 89.53 90.62 82.31 90.25 83.32 85.48 86.41 84.64 91.17 87.29 90.52 91.64
standard deviation
9.42 9.29 14.59 10.35 12.17 12.28 10.49 10.78 8.13 9.16 7.5 7.68
mean
6.28 7.97 6.27 4.84 4.87 4.38 5.37 5.1 4.69 8.69 4.82 7
standard deviation
3.3 2.53 2.91 2.25 2.01 2.59 2.9 2.27 2.83 3.29 2.33 3.15
mean
Wind Dir. [°] 198.34 242.59 223.77 149.69 168.45 203.16 225.28 240.64 144.95 192.21 190.85 215.45
standard deviation





Sw [W/m²] 18.41 27.36 74.18 88.28 189.87 167.03 155.92 137.65 74.3 46.77 22.94 13.77
standard deviation
38.09 43.34 113.25 114.14 217.14 176.58 164.66 157.63 101.35 72.48 41.25 31.58
mean
Lw [W/m²] 295.28 312.16 299.57 323.07 336.86 365.73 366.03 365.48 363.1 328.04 291.46 285.54
standard deviation
24.25 27.31 27.85 20.5 22.79 23.22 19.66 23.7 20.65 24.62 23.48 29.14
Kiel-Institut (SMHI) 2000
mean
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
p [hPa] 1018 1013.4 1014.8 1008.7 1015.7 1017.1 1009.8 1016.8 1014.6 1011.2 1003.3 1008.3
standard deviation
10.25 9.88 9.39 10.04 7.44 4.76 6.67 3.54 7.27 10.7 7.34 10.96
mean
T [°C] 3.29 4.39 4.79 8.55 13.25 14.76 15.13 16.38 13.92 11.5 7.27 4.69
standard deviation
2.81 2.32 2 4.21 3.51 4.4 2.48 2.64 2.3 2.28 1.76 4.35
mean
RH [%] 90.93 91.51 90.51 85.91 79.98 82.54 87.41 85.66 89.61 93.03 92.22 93.09
standard deviation
9.63 7.17 9.15 11.81 14.03 13.11 10.08 12.46 10.75 7.04 5.57 5.81
mean
8.15 7.67 6.92 4.15 4.4 5.02 4.64 3.57 5.09 6.17 7.07 6.15
standard deviation
3.79 3.29 3.85 2.2 2.84 2.63 2.2 1.74 2.63 3.59 2.56 3.18
mean
Wind Dir. [°] 244.38 233.45 222 182.87 163.99 228.17 240.48 228.8 172.93 177.12 177.06 179.13
standard deviation





Sw [W/m²] 17.45 34.15 58.46 116.11 210.77 190.16 155.76 147.95 89.08 55.06 23.06 11.97
standard deviation
36.46 56.99 87.82 153.82 241.03 210.69 169.75 171.23 126.53 91.56 40.65 25.42
mean
Lw [W/m²] 295.25 300.39 305.02 320.13 337.03 357.03 365.37 366.87 357.22 339.03 316.57 303.34
standard deviation
22.47 21.11 20.33 27.88 23.1 25.71 17.28 23.59 24.28 20.93 17.19 29.04
Kiel-Institut (SMHI) 2001
mean
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
p [hPa] 1013.4 1015.6 1007.2 1010.4 1017.2 1014.2 1014.5 1016.8 1008.5 1014.1 1017 1019.3
standard deviation
14.28 13.78 8.13 7.2 7.63 5.76 6.68 5.62 6.49 7.12 11.12 18.98
mean
T [°C] 1.99 1.86 2.35 6.43 12.34 13.55 18.02 17.9 13.1 12.98 6.07 1.41
standard deviation
2.7 3.79 3.59 3.03 3.33 3.24 3.14 3.18 1.76 2.3 2.92 2.78
mean
RH [%] 94.27 90.2 86.32 85.98 81.17 84.93 85.6 86.38 92.76 92.7 88.86 91.31
standard deviation
3.76 7.85 10.89 12.16 12.81 11.22 11.68 11.83 7.77 6.58 8.96 7.59
mean
5.23 5.99 5.74 4.99 4.2 4.29 3.8 4.53 4.98 6.5 6.67 5.81
standard deviation
2.98 3.12 2.97 2.21 2.3 2.36 2.1 2.56 3.1 2.84 2.99 3.58
mean
Wind Dir. [°] 184.18 212.19 151.17 200.72 163.99 198.71 238.39 1195.88 191.58 197.38 185.32 222.88
standard deviation





Sw [W/m²] 14.99 35.7 69.11 109.48 203.05 172.77 199.17 152.37 78.95 50.46 26.48 12.37
standard deviation
29.54 57.28 108.38 139.65 227.33 179.93 218.32 175.87 109.95 78.55 47.33 26.41
mean
Lw [W/m²] 290.3 287.23 288.23 308.38 332.47 352.21 376.13 377.45 355.76 350.02 306.7 283.52
standard deviation








Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
p [hPa] 1012.38 1017.95 1017.11 1003.89 1015.06 1012.28 1007.92 1012.8 1010.9 1007.02 1016.38 1015.08
standard deviation
14.73 9.31 11.68 7.66 8.61 5.09 5.16 6.63 13.15 10.72 12.24 10.92
mean
T [°C] 4.33 5.91 5.67 8.44 12.93 15.47 15.66 15.96 14.24 9.37 2.96 2.05
standard deviation
3.27 3.73 3.86 3.27 3.38 3 3.11 3.19 2.19 2.47 3.18 4.41
mean
RH [%] 89.52 89.4 73.76 80.73 72.07 74.75 76.32 74.8 83.6 83.38 87.89 89.57
standard deviation
11.02 11.02 17.98 14.15 14.38 14.81 14.14 13.63 10.63 10.17 9.33 9.77
mean
5.2 5.41 5.09 4.74 4.63 4.05 4.33 4.13 4.18 6.17 3.96 4.97
standard deviation
2.65 1.68 2.36 2.2 2.2 1.84 1.77 1.62 2.43 2.59 1.5 2
mean
Wind Dir. [°] 180.07 238.05 219.55 146.98 154.84 200.26 221.58 228.06 141.86 191.16 186.45 213.6
standard deviation
82.77 35.24 79.4 86.27 111.02 78.23 66.43 76.01 75.61 68.7 83.22 59.43
mean
Ts[°C] 3.98 3.66 5.31 7.59 01/03/93 15.14 15.56 17.14 15.41 11.79 7.35 4.01
standard deviation
0.53 0.82 0.87 1.37 1.63 1.02 1.16 0.93 0.7 1.23 1.7 1.43
mean
Sw [W/m²] 23.22 35.09 104.65 106.33 212.79 183.8 178.68 165.38 82.49 48.73 26.12 15.8
standard deviation
54.92 73.21 171.87 172.16 261.3 238.09 228.15 219.22 135.87 97.46 57.61 38.79
mean
Lw [W/m²] 312.11 332.57 309.53 343.33 349.62 380.31 381.72 377.15 379.61 341.13 309.68 301.45
standard deviation
38.33 40.99 46.72 30.9 34.73 32.66 29.4 33.13 27.36 38.16 37.72 47.22
Kiel-Institut 2000
mean
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
p [hPa] 1017.2 1012.36 1014.21 1008.34 1014.87 1015.64 1009.19 1015.64 1013.85 1010.8 1004.24 1007.59
standard deviation
10.13 9.91 9.09 10.12 7.33 5.07 6.81 3.62 7.52 11.13 7.22 10.91
mean
T [°C] 3.68 4.92 5.09 9.84 13.81 15.46 15.46 16.65 13.88 11.09 7.13 4.52
standard deviation
2.86 2.5 2.25 4.78 3.84 4.94 2.55 2.82 2.43 2.26 1.82 1.97
mean
RH [%] 87.64 87.82 87.65 79.39 71.24 73.19 78.03 75.82 82.87 83.51 83.81 84.96
standard deviation
1 0.74 0.85 1.62 1.01 1.89 1.27 1.41 1.43 1.03 0.62 1.51
mean
5.52 5.57 5.32 4.08 4.31 4.42 3.83 3.39 4.59 4.88 5.42 4.94
standard deviation
2.4 2.31 2.68 2.01 2.33 1.75 1.51 1.7 2.39 2.64 1.82 1.97
mean
Wind Dir. [°] 232.19 226.67 206.39 163.92 148.68 220.63 330.4 219.77 164.18 180.56 182.91 188.59
standard deviation
62.45 56.34 100.84 87.69 93.13 77.79 92.94 75.83 75.83 44.74 29.72 61.7
mean
Ts[°C] 3.93 4.04 5.08 8.14 13.99 14.55 15.95 17.49 15.48 13.31 10.01 7.19
standard deviation
0.59 0.31 0.83 2.4 2.38 1.62 1.33 0.65 1.18 0.78 1.03 1.45
mean
Sw [W/m²] 20.44 41.86 75.56 149.61 231.22 208.99 166.02 170.23 101.29 56.95 25.95 15.49
standard deviation
50.13 87.82 138.33 214.57 272.73 257.76 223.13 224.6 165.18 105.63 53.93 36.47
mean
Lw [W/m²] 315.7 319.09 326.11 337.07 348.23 377.66 381.49 373.47 365.89 345.31 322.9 313.61
standard deviation
38.18 35.46 36.31 39.02 33.98 33.05 26.28 33.96 34.02 31.27 31.46 40.82
Kiel-Institut 2001
mean
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
p [hPa] 1012.96 1015.08 1011 1009.95 1016.79 1013.75 1012.78 1012.93 1008.2 1014 1017.15 1020.01
standard deviation
14.11 13.79 9.4 7.14 7.93 5.62 6.68 5.51 6.57 7.25 10.85 18.31
mean
T [°C] 1.87 2.09 2.01 7.11 12.83 13.9 18.2 17.89 12.49 12.74 5.7 0.13
standard deviation
2.9 4.08 2.94 3.65 3.49 3.49 3.25 3.55 1.79 2.55 2.86 3.04
mean
RH [%] 88.34 84.54 77.47 78.75 71.45 77.51 78.22 80.08 89.78 88.01 86.81 89.49
standard deviation
5.9 10.32 12.43 14.27 15.42 13.51 12.74 13.51 9.34 8.05 10.52 10.31
mean
4.15 4.85 5.52 4.42 3.95 3.7 3.7 3.75 3.76 4.62 4.19 4.04
standard deviation
1.95 2.14 3.02 1.8 2.06 1.63 1.9 1.97 2.15 1.97 1.8 2.19
mean
Wind Dir. [°] 174.1 198.12 143.01 188.09 165.45 225.79 177.72 186.1 199.82 184.18 235.18 210.76
standard deviation
68.83 97.22 83.31 89.4 117.83 90.17 94.65 79.2 79.6 53.67 69.04 95.71
mean
Ts[°C] 4.52 3.31 3.37 5.75 11.69 14.69 17.89 19.41 15.83 14.05 9.57 5.02
standard deviation
0.95 0.85 0.76 1.07 2.05 1.49 2.51 1.11 1.43 0.57 1.77 1.9
mean
Sw [W/m²] 17.82 50.15 110.58 124.88 241 201.16 210.53 174.33 87.54 59.13 31.03 13.57
standard deviation
40.97 98.78 173.81 188.36 289.15 253.43 259.12 229.18 145.88 106.92 65.75 32.46
mean
Lw [W/m²] 304.07 300.04 279.1 319.54 338.59 363.89 384.08 381.75 362.1 353.9 310 296.12
standard deviation









Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
p [hPa]
T [°C] 0.26 -0.13 -0.13 0.31 0.79 0.73 0.76 0.36 0.06 0.3 0.55 0.3
RH [%] 0.34 -0.82 -2.86 -8.07 -11.01 -12.86 -12.82 -10.7 -4.8 -2.51 -2.23 -1.4
0.92 0.15 0.8 1.64 0.72 -0.12 1.26 1.66 0.78 0.66 1.41 0.2
Wind Dir. [°] -19.5 -5.37 -7.23 1.87 2.02 -1.13 0.06 -5.83 3.29 3.41 -11.86 3.42
Ts[°C] -1.29 -0.85 -1.24 -1.95 -2.08 -1.34 -0.71 -0.13 -0.98 -0.96 -0.75 -0.75
Sw [W/m²] 6.4 10.3 34.38 20.84 30.88 33.41 31.29 41.38 13.21 5.68 3.2 2.89
Lw [W/m²]
Differences 2000
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
p [hPa]
T [°C] 0.64 0.6 0.41 0.44 -0.5 -0.15 -0.29 0.19 0.12 0.2 0.36 0.29
RH [%] -3.94 -4.24 -3.86 -4.44 -6.27 -5.46 -4.49 -7.42 -5.75 -6.65 -6.18 -4.57
0.01 0.32 0.03 0.79 1.3 1.11 0.85 1.72 2.06 1.39 1.15 1.28
Wind Dir. [°] -12.35 -8.5 -10.1 -9.09 2.44 -5.6 -13.67 -11.58 -2.9 7.77 8.33 14.3
Ts[°C] -0.14 -0.79 -0.7 -0.46 -1.22 -0.84 -0.64 -0.88 -1.73 -1.3 -0.21 -0.2
Sw [W/m²] 5.13 10.67 25.03 34.41 28.26 27.65 27.34 28.27 13.97 2.67 4.76 4.18
Lw [W/m²]
Differences 2001
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
p [hPa]
T [°C] 0.33 0.15 -0.58 -0.31 -0.48 -0.49 -1.16 -1.65 -0.94 -0.46 -0.44 -0.7
RH [%] -2.24 -2.95 -6.23 -0.44 -3.29 -3.66 -4.94 -6.93 -8.13 -8.44 -7.95 -6.22
1.06 1.06 1.53 1.36 0.94 1.2 1.71 1.68 1.23 0.79 0.62 1.01
Wind Dir. [°] -4.19 -14.01 -8.07 -3.22 -11.37 -9.55 -3.75 -0.54 5.2 0.99 -15.62 -22.31
Ts[°C] -0.16 -0.4 -0.09 0.11 0.7 -0.06 0.09 -0.26 -0.73 -0.69 -0.15 0.12










Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
p [hPa] -1.02 -0.95 -0.79 -0.51 -0.84 -1.02 -1.38 -1.6 0.1 -0.38 -0.52 -0.92
T [°C] 0.76 0.6 0.68 0.88 0.46 0.23 0.27 0.05 0.3 0.12 0.32 0.36
RH [%] -0.01 -1.22 -8.55 -9.52 -11.25 -10.73 -10.09 -9.84 -7.57 -3.91 -2.63 -2.07
-1.08 -2.56 -1.18 -0.1 -0.24 -0.33 -1.04 -0.97 -0.51 -2.52 -0.86 -2.03
Wind Dir. [°] -18.27 -4.54 -4.22 -2.71 -13.61 -2.9 -3.7 -12.58 -3.09 -1.05 -4.4 -1.85
Ts[°C]
Sw [W/m²] 4.81 7.73 30.47 18.05 22.92 16.77 22.76 27.73 8.19 1.96 3.18 2.03
Lw [W/m²] 16.83 20.41 9.96 20.26 12.76 14.58 15.69 11.67 16.51 13.09 18.22 15.91
Differences 2000
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
p [hPa] -0.8 -1.04 -0.59 -0.36 -0.83 -1.46 -0.61 -1.16 -0.75 -0.4 0.94 -0.71
T [°C] 0.39 0.53 0.3 1.29 0.56 0.7 0.33 0.27 -0.04 -0.41 -0.14 -0.17
RH [%] -3.29 -3.69 -2.86 -6.52 -8.74 -9.35 -9.38 -9.84 -6.74 -9.52 -8.41 -8.13
-2.63 -2.1 -1.6 -0.07 -0.09 -0.6 -0.81 -0.18 -0.5 -1.29 -1.65 -1.21
Wind Dir. [°] -12.19 -6.78 -15.61 -18.95 -15.31 -7.54 89.92 -9.03 -8.75 3.44 5.85 9.46
Ts[°C]
Sw [W/m²] 2.99 7.71 17.1 33.5 20.45 18.83 10.26 22.28 12.21 1.89 2.89 3.52
Lw [W/m²] 20.45 18.7 21.09 16.94 11.2 20.63 16.12 6.6 8.67 6.28 6.33 10.27
Differences 2001
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
p [hPa] -0.44 -0.52 3.8 -0.45 -0.41 -0.45 -1.72 -3.87 -0.3 -0.1 0.15 0.71
T [°C] -0.12 0.23 -0.34 0.68 0.49 0.35 0.18 -0.01 -0.61 -0.24 -0.37 -1.28
RH [%] -5.93 -5.66 -8.85 -7.23 -9.72 -7.42 -7.38 -6.3 -2.98 -4.69 -2.05 -1.82
-1.08 -1.14 -0.22 -0.57 -0.25 -0.59 -0.1 -0.78 -1.22 -1.88 -2.48 -1.77
Wind Dir. [°] -10.08 -14.07 -8.16 -12.63 1.46 27.08 -60.67 -9.78 8.24 -13.2 49.86 -12.12
Ts[°C]
Sw [W/m²] 2.83 14.45 41.47 15.4 37.95 28.39 11.36 21.96 8.59 8.67 4.55 1.2
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